Abstract.
INTRODUCTION
Soil fertility is fundamental in determining the productivity of all farming systems. 9 Soil fertility is most commonly defined in terms of the ability of a soil to supply 10 nutrients to crops. Swift & Palm (2000) however suggest that it is more helpful to 11 view soil fertility as an ecosystem concept integrating the diverse soil functions, 12 including nutrient supply, which promote plant production. This broader definition is 13 appropriate to organic farming, as organic farming recognises the complex 14 relationships that exist between different system components and that the 15 sustainability of the system is dependent upon the functioning of a whole integrated 16 and inter-related system (Atkinson & Watson 2000) . differences between management of organic and conventional systems is the way in 1 which problems are addressed. Conventional agriculture often relies on targeted short-2 term solutions e.g. application of a soluble fertiliser or herbicide. Organic systems, in 3 contrast, use a strategically different approach, which relies on longer-term solutions 4 (preventative rather than reactive) at the systems level. An example of this is the 5 importance of rotation design for nutrient cycling and conservation and weed, pest 6 and disease control (Stockdale et al. 2001 ). 7 8 Organic farming is the only sustainable farming system that is legally defined. Within 9 the EU, crop and livestock products sold as organic must be certified as such under 10 EC Regulation 2092/91 and 1804/99. In the UK, it is the role of the UK Register of 11 Organic Food Standards (UKROFS) to implement this legislation. UKROFS licences 12 a number of certification bodies, such as the Soil Association, to certify and inspect 13 organic farms to ensure that organic production practices are followed. Although the 14 regulations of the different bodies differ in detail they all aim to create an 15 economically and environmentally sustainable form of agriculture with the emphasis 16 placed on self-sustaining biological systems rather than on external inputs. 17 18 This paper explores how organic farmers and growers can utilise a range of 19 management practices to maintain and develop soil fertility in order to achieve these 20 wider goals. 21 
22

ORGANIC FARMING SYSTEMS
23
The total value of UK organic production in 2000/01 was £97 million. Around 81% of 24 certified organic land is rough grazing and permanent pasture, 9% is temporary ley, 25 7.5% is in arable production and 2% is used for horticultural crops. There is an 1 increasing proportion of organic land in pasture, reflecting the relative ease of 2 converting extensive systems and greater benefits from area based support payments 3 (Soil Association 2001). Organic farming systems fall into similar categories as those 4 of conventional agriculture: mixed, livestock, stockless and horticultural. Berry et al. 5 (2002) (this volume) describe examples of some of these in more detail. The main 6 characteristics of these systems and their specific soil fertility challenges are 7 summarised below. 8 9 Mixed systems 10 Mixed systems are most commonly based on ley/arable rotations (see rotations 11 section). Fertility is built during the ley phase, in which grazing and fodder 12 production provide an economic return. The degree of integration of livestock and 13 cropping will vary, depending on rotation, land type and livestock species. For 14 example, sheep may graze turnips or vegetable residues over winter, while pigs are 15 sometimes used instead of a plough to achieve the transition from ley to arable. 16 
17
Livestock systems 18 In situations where it is undesirable or impractical to operate a rotation due to 19 soil/land type, climate constraints or conservation issues, the use of long-term or 20 permanent grassland is acceptable within the organic regulations. Management 21 emphasis is, however, still on the maintenance of soil fertility through nutrient 22 recycling, with minimal external inputs. challenge for stockless organic farming is management of the nutrient supply. Forage 8 legumes are of no direct economic benefit in stockless systems (other than for setaside 9 payments), so there is greater emphasis on alternative fertility building strategies, 10 such as the use of green manures, grain legumes and the import of manures, composts 11 and other acceptable fertilisers. These types of organic system are relatively recent 12 and further development of suitable fertility building strategies is required. 13 
14
Horticultural systems 15 The term horticulture covers a wide range of systems from field vegetable production 16 to fruit and protected cropping (glasshouse/polytunnels). Intensive organic 17 horticultural production systems are often the most dependent on imported nutrients. 18 Many of the fruit and vegetables grown have a high demand for major and minor 19 nutrients and additionally are susceptible to many pests and diseases (Toosey 1983 ). 20 Combined with the fact that these systems frequently include several crops within one 21 growing season, the maintenance of soil fertility is a major concern in these intensive use of rotations in perennial crops such as fruit, and in protected cropping where it is 1 uneconomic to grow fertility building crops. Development of organic production in 2 both of these systems is still at an early stage and development of both associated 3 management techniques and standards is ongoing. 4 6 Crop rotation is a system where different plants are grown in a recurring, defined 7 sequence. Crop rotations, including a mixture of leguminous 'fertility building' and 8 cash crops, are the main mechanism for nutrient supply within organic systems. 9 Rotations can also be designed to minimise the spread of weeds, pests and diseases The ratio of ley to arable will be determined by both the system (stocked or stockless) 2 and the soil type, being lower on nitrogen retentive soils and higher on un-retentive 3 (sandy) soils. A typical rotation on a mixed organic farm with a three-year grass and 4 clover ley will support two or three years of arable cropping (Lampkin 1990 ). This This results from the production of organic binding agents, such as polysaccharides, 8 by microorganisms breaking down organic matter, and the enmeshing effects of the 9 clover and grass roots and fungal hyphae (Wild 1988; Breland 1995) . Conversely, soil 10 organic matter and aggregate stability decline during the arable phase (Tisdall & 11 Oades 1982). The architectural characteristics of the root systems of different crops 12 included in the rotation also influence soil structure formation (e.g. Chan & Heenan 13 1991). Indirectly, the timing and use of different cultivation techniques and manure 14 application at different points in the rotation influence soil structure. 15 16 Rotation design modifies both the size and activity of the soil microbial biomass. 17 Indicators of biomass activity such as basal respiration and enzymatic activity suggest 18 that there is a more active microbial biomass associated with grass-clover leys than of allelopathy on crop production, e.g. when there is inhibition of the germination of 16 crop seedlings, there is a need to understand allelopathic effects in more detail as they 17 can potentially be manipulated to advantage in organic systems (Olofsdotter 1999). 18 19 Fertility building crops 20 Legume based leys are the principle fertility building crops in temperate organic 21 systems. In mixed systems white clover-grass leys are most common. Red clover is 22 also frequently produced, both grown alone or with grass, and used for silage or as a intercropping is more widely accepted in these systems, the economic viability of 13 intercropping requires more careful analysis (Theunissen 1997 ). 14 
5
USING CROP ROTATIONS TO MANAGE SOIL FERTILITY
15
Using cultivations within rotations 16 Cultivation has a number of purposes, including incorporation of manures and crop 17 residues and weed and disease control, as well as preparation of a seedbed for crops 18 and for remediation of damaged soil structure caused by trafficking (Wild 1988 
MANAGING CROP RESIDUES
9
Crop residues can be an important source of nutrients to subsequent crops. It is well 10 documented that different quantities of N, P, K and minor nutrients are removed from, 11 and returned to, the soil depending on the crop species concerned (Wild 1988; 12 Sylvester-Bradley 1993). The quantity and quality of crop residues will clearly organic dairy farms and purchased manure in organic horticultural systems. 16 17 Animal manures are the most common amendments applied to the soil. On mixed and 18 livestock farms they are an important currency for re-distributing nutrients as it is 19 important to ensure that fertility is not built in some fields at the expense of others. 20 Manure use should be planned with regard to both farm system and field nutrient 21 budgets (see Berry et al. 2002, this volume Modified Organisms (GMO's)). 1996) and thus their use is planned to build fertility in the longer-term. Trace elements 10 may also be applied, with approval, if they are necessary. The use of lime to maintain 11 pH levels is also acceptable (UKROFS 2001). 
